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(54) Crystallization method 

(57) In a crystallization method, a liquid mixture 
containing a crystallizable component is cooled so as to 
form and separate crystals of the crystallizable compo- 
nent Then, a purified melt having purity substantially 
equal to that of the separated crystals, to which a 
polymerization inhibitor is added and which is heated to 
a temperature higher than a freezing point of the sepa- 
rated crystals, is circulated to flow contacting the crys- 
tals so as to accelerate melting. Then, the melted 
crystals are recovered along with the purified melt con- 
taining the polymerization inhibitor. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a crystallization 
method for obtaining high-purity products by crystalliza- 
tion from liquid mixtures containing crystallizable com- 
ponents and, in particular, to a crystallization method 
suitable for large-scale and multi-stage purification of 
acrylic acid and methacrylic acid. 

Description o f the Prior Art 

For example, commercially produced acrylic acid 
usually contains such impurity components as acetic 
acid and propionic acid. The concentrations of these 
impurities are about 0.1% in total. However, due to 
recent expansion of usage, very high-purity acrylic 
acids with impurity concentrations in the order of some 
tens to hundreds of ppm are required, for example, for 
paper diapers. 

In general, impurities are removed by distillation. 
However, it is very difficult to remove such impurities as 
acetic acid and propionic acid by distillation since these 
impurity components have boiling points close to that of 
acrylic acid. Under such circumstances, it has been pro- 
posed to remove these impurities by crystallization. 

Two typical crystallization methods are available; 
one being that seed crystals are put into a liquid mixture 
containing a crystallizable component so as to nucleate 
and grow crystals in a suspended state in the liquid, and 
the other being that crystals are grown on cooled sur- 
faces. In case of large-scale processes, particularly 
when producing a large quantity of adhesive crystals, 
such as acrylic acid, the latter method is suitable for it, 
but the former method is not. The technique employing 
the latter method for purification of acrylic acid and 
methacrylic acid is disclosed in, for example, Japanese 
First (unexamined) Patent Publication No. 7-48311 and 
Japanese First (unexamined) Patent Publication No. 7- 
163802. 

The former publication discloses a technique, 
wherein a dynamic crystallization apparatus and a static 
crystallization apparatus are combined so as to perform 
multi-stage crystallization. In the dynamic crystallization 
apparatus, acrylic acid containing impurities (feed liquid 
mixture) is introduced to flow down on an inner surface 
of a vertical tube and, by cooling the surface, the crys- 
tals grow on the inner surface. On the other hand, in the 
static crystallization apparatus, the mother liquor 
obtained through the dynamic crystallization apparatus 
is introduced into a tank equipped with cooling coils and 
crystals are formed on the surfaces of the cooling coils. 

The latter publication discloses a technique, 
wherein multi-stage crystallization is performed using a 
crystallizer having vertical plates and tanks. Specifically, 
a liquid mixture is introduced to flow down on one sur- 
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face of the plate and, by cooling the plate from an oppo- 
site side, crystals are formed on the one surface of the 
plate. Further, the mother liquor, the sweated liquid and 
the melt obtained through crystallization using the liquid 

5 mixture in one of the tanks as a feed are sent to different 
tanks, and obtained melt is further crystallized. 

On the other hand, it is possible that polymerizable 
substances, such as acrylic acid or methacrylic acid, 
are subjected to polymerization due to, for example, 

10 temperature rise or contamination with substances such 
as iron rust which can initiate polymerization. Further, 
heat generated by polymerization possibly causes vig- 
orous reaction or explosion. In view of this, a polymeri- 
zation inhibitor is added in advance in a polymerizable 

75 feed liquid before crystallization. The polymerization 
inhibitor is also added in advance in a final purified liquid 
(product). 

Experiments conducted by the present inventors 
have revealed that the polymerization inhibitor is not 

20 contained in the crystals in the course of crystallization, 
but concentrated into the mother liquor. Thus, if the 
crystals containing substantially no polymerization 
inhibitor are melted, polymerization possibly occurs 
upon melting crystals, upon transferring the melt or dur- 

25 ing storing the melt in a tank which constitutes the multi- 
stage crystallization system. 

SUMMARY OF THE INVENTION 

30 Therefore, it is an object of the present invention to 
provide an improved crystallization method. 

According to one aspect of the present invention, a 
crystallization method, wherein, after cooling a liquid 
mixture containing a crystallizable component, forming 

35 crystals of the component and separating the crystals, 
the separated crystals are melted and recovered as a 
melt so as to purify the component, comprises the steps 
of adding a polymerization inhibitor to a purified melt 
whose purity is substantially equal to that of the sepa- 

40 rated crystals; heating the purif ied melt to a temperature 
higher than a freezing point of the crystals; sending the 
heated melt to the crystals so as to melt the crystals; 
and recovering the melted crystals along with the puri- 
fied melt containing the polymerization inhibitor. 

45 It may be arranged that the polymerization inhibitor 
is added to the purified melt so that a concentration of 
the polymerization inhibitor in a sum of the melted crys- 
tals and the purified melt becomes higher than 10 ppm 
by weight. 

so According to another aspect of the present inven- 
tion, a crystallization method comprises a crystallization 
step of cooling a liquid mixture containing a crystalliza- 
ble component, forming crystals of the component and 
separating the crystals; and a melting step of the sepa- 

55 rated crystals and recovering a melt of the crystals; the 
crystallization and melting steps performed in a multi- 
stage manner to achieve multi-stage crystallization so 
as to gradually increase purity of the crystallizable com- 
ponent, wherein, in the crystallization step at a final 
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purif ication stage of the multi-stage crystallization, a liq- 
uid mixture containing a polymerization inhibitor is 
used, and wherein, in the melting step at the final purifi- 
cation stage of the multi-stage crystallization, a polym- 
erization inhibitor is added to a purified melt obtained in 5 
advance through the melting step at the final purification 
stage, and the purified melt is heated and sent onto the 
separated crystals so as to melt all the separated crys- 
tals, and the melted crystals are recovered along with 
the purified melt containing the polymerization inhibitor. 10 

It may be arranged that the polymerization inhibitor 
is added to the purified melt so that a concentration of 
the polymerization inhibitor in a sum of the melted crys- 
tals and the purified melt becomes higher than 10 ppm 
by weight. 15 

According to another aspect of the present inven- 
tion, a crystallization method, wherein, using a crystalli- 
zation system having a crystallizer equipped with 
cooling means for cooling a liquid mixture containing a 
crystallizable component and separating crystals of the 20 
component and melting/recovering means for melting 
the separated crystals and recovering a melt of the 
crystals, and further having first to Nth (3^N) storage 
tanks, the crystallization is applied, by the crystallization 
system, to the liquid mixture in the Kth (K<N) storage 2s 
tank so as to store a residual liquid in the (K — 1)th stor- 
age tank, and further to store the melt of the crystals in 
the (K+1)th storage tank, a purified melt in the (K+1)th 
storage tank is heated and sent onto the crystals during 
the step to melt the separated crystals of the liquid mix- 30 
ture in the Kth storage tank, and (N — 1)-stage crystalli- 
zation is performed to achieve the process steps to the 
liquid mixtures in the first to (N — 1)th storage tanks, 
comprises the steps of supplying a polymerization 
inhibitor only to the (N — 1)th storage and Nth storage 35 
tanks when the feed liquid mixture is supplied to one of 
the first to (N — 2)th storage tanks from outside of the 
crystallization system, while supplying the polymeriza- 
tion inhibitor only to the Nth storage tank when the feed 
liquid mixture is supplied to the (N — 1)th storage tank 40 
from outside of the crystallization system. 

It may be arranged that, after the crystals of the liq- 
uid mixture in the Kth storage tank are separated, par- 
tial melting of the crystals is performed before melting 
all the separated crystals, and that the melt of the crys- 45 
tals obtained by the partial melting is stored in the Kth 
storage tank. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 

The present invention will be understood more fully 
from the detailed description given hereinbelow, taken 
in conjunction with the accompanying drawings. 

In the drawings: 

55 

Figs. 1A and 1B are a side view and a front view, 
respectively, of a crystallizer to be used in first to 
third preferred embodiment of the present inven- 
tion; 
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Fig. 2 is a diagram showing a crystallization system 
for carrying out a crystallization method according 
to the first preferred embodiments of the present 
invention; 

Fig. 3 is a diagram showing a crystallization system 
for carrying out a crystallization method according 
to the second preferred embodiment of the present 
invention; 

Fig. 4 is a diagram for explaining liquid flows in the 

crystallization system shown in Fig. 3; 

Fig. 5 is a diagram for explaining liquid flows in the 

crystallization system shown in Fig. 3; and 

Fig. 6 is a diagram showing a crystallization system 

for carrying out a crystallization method according 

to the third preferred embodiment of the present 

invention. 

DESCRIPTION OF THE PREFERRED E MBODIMENT 

The first preferred embodiment of the present 
invention will be described hereinbelow with reference 
to Figs. 1A, 1B and 2. 

Figs. 1 A and 1 B show one example of a crystallizer 
1 to be used in a crystallization system described later 
in this preferred embodiment. As appreciated from later 
description, the crystallizer 1 may be used in each of 
crystallization systems in all the preferred embodi- 
ments. In the figures, the crystallizer 1 includes a flat 
plate 1 1 on which crystals are formed. In this preferred 
embodiment, the plate 1 1 is made of stainless steel and 
has the size of 2m (length) x 1m (width) x 1mm (thick- 
ness). The plate 11 is vertically arranged while being 
bent to provide an inclined surface 10 at its upper end 
portion. The crystallization region of the plate 11 is 
divided into, for example, five subregions in a lateral 
direction by partition plates 11a, 11b, 11c and 11d. At 
the upper side of the plate 11, a liquid distributor 14, 
working as liquid feeding means, is provided for feeding 
a liquid mixture L onto the inclined surface 10 directly or 
via a vertical surface continuous with the upper end of 
the inclined surface 10, so that the liquid mixture L flows 
down on one vertical surface 12 of the plate 1 1 as a film. 

On the other hand, a cooling medium feed pipe 15, 
working as cooling medium feeding means, is provided 
at the opposite side of a vertical surface 13 of the plate 
11 for feeding a cooling medium C of a temperature 
lower than a freezing point of the liquid mixture L so that 
the cooling medium C flows down on the opposite verti- 
cal surface 13 as a film. The cooling medium feed pipe 
15 also works as a heating medium feed pipe, working 
as heating medium feeding means, for feeding a heating 
medium H of a temperature higher than the freezing 
point of the liquid mixture L onto the opposite vertical 
surface 13 of the plate 11. Symbols P1 and P2 repre- 
sent pumps. The liquid mixture L which flows down on 
the one vertical surface 12 is circulated to the liquid dis- 
tributor 14 via the pump P1 , while the cooling medium C 
which flows down on the opposite surface 13 is circu- 
lated to the cooling medium feed pipe 15 via the pump 
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P2 and a cooler 16. The cooling medium and the heat- 
ing medium may be separately provided or the same 
medium may be used as the cooling or heating medium, 
that is, one heat transfer medium (HTM) may be used 
as the cooling medium when cooled and as the heating 
medium when heated. During a melting step, the heat 
transfer medium is heated to a predetermined tempera- 
ture using a heater 1 7. On the one vertical surface 1 2 of 
the plate 1 1, a plurality of accessories 18 are attached 
vertically in a line at regular intervals to prevent crystals 
from peeling off the plate and falling down. 

In the crystallizer 1 thus structured, the liquid mix- 
ture containing acrylic acid as a crystallizable compo- 
nent and impurities is circulated to flow down on the one 
vertical surface 12 as a film, while the cooling medium 
of a temperature lower than the freezing point of the liq- 
uid mixture is introduced and flows down on the oppo- 
site vertical surface 13 as a film. In order to produce 
uniform thicknesses of the films of the liquid mixture, 
supplying flow rates of the liquid mixture are, although it 
depends on the physical properties of the liquid mixture, 
particularly, surface tension thereof, preferably no 
smaller than 0.1ton/h (0.1 tons per hour) per 1 meter 
width of the plate, and more preferably no smaller than 
0.25ton/h per 1 meter width of the plate. The upper limit 
of the supplying flow rates are not necessarily defined 
as long as the liquid mixture flows as a film. Since the 
heat transfer coefficient increases as the flow rate 
increases, the larger flow rate is desirable as is possible. 
The temperatures of the liquid mixture are preferably 
within +5°C, more preferably within +1°C above the 
freezing point of the liquid mixture. 

The cooling medium is obtained by cooling a heat 
transfer medium, such as an ethanol aqueous solution, 
via the cooler 16. The temperatures of the cooling 
medium are not particularly limited as long as they are 
lower than the freezing point of the liquid mixture. On 
the other hand, at the initial stage of the crystallization 
where crystallization begins, rapid crystallization lowers 
the purity of the crystals, therefore temperatures of the 
cooling medium are preferably in the range between the 
freezing point of the liquid mixture minus 20°C and the 
freezing point of the liquid mixture. By cooling acrylic 
acid in this manner, the crystals of acrylic acid are 
formed on the one vertical surface 12 of the plate 11. 
After a thickness of the crystal layers reaches a prede- 
termined value, the mother liquor, that is, the residual 
liquid mixture, is drained off. It is to be appreciated that, 
when the thickness of the crystal layer is too thin, the 
impurities tend to be trapped within the crystal layers 
lowering the purity thereof. On the other hand, when the 
thickness becomes too thick, the conductive heat flux 
through the crystal layer is reduced to prolong the time 
for crystallization. Accordingly, the thicknesses of the 
crystal layers are preferably 5mm to 20mm, and more 
preferably, 7mm to 15mm. 

Thereafter, the heat transfer medium is heated via 
the heater 17 to a temperature higher than the freezing 
point of the crystals of acrylic acid to prepare the heat- 



ing medium which is then introduced to flow down on 
the opposite vertical surface 13 of the plate 1 1 . Simulta- 
neously, the melt of the crystals of acrylic acid (purified 
melt) obtained in advance is heated and circulated to 
5 flow down on the one vertical surface 1 2 of the plate 1 1 . 
As a result, the crystal layer of acrylic acid is heated 
from both sides and thus melted in a short time. 

Although a polymerization inhibitor is added in 
advance into the feed liquid mixture supplied from out- 
10 side of the later-described crystallization system, the 
polymerization inhibitor is hardly contained in the crys- 
tals of acrylic acid and, even if contained, the concentra- 
tion is too low to inhibit polymerization. 

In this preferred embodiment, after cooling the liq- 
is uid mixture containing the crystallizable component, 
forming crystals of the component and separating crys- 
tals, the purified melt with purity substantially equal to 
that of separated crystals, provided with the polymeriza- 
tion inhibitor and heated to a predetermined tempera- 
20 ture, is introduced to flow down on the one vertical 
surface 12 of the plate 11. Accordingly, the separated 
crystals adhered to the one vertical surface 12 is rapidly 
melted due to the heated purified melt, and further, 
since the separated crystals are melted in the presence 
25 of the inhibitor, polymerization can be prevented. Fur- 
ther, the polymerization inhibitor exists in the melt flow- 
ing down from the plate 1 1 (that is, the mixture of the 
heating purified melt and the melted crystals on the 
plate 1 1). Thus, polymerization never occurs upon melt- 
ing of the crystals of acrylic acid, upon transferring the 
purified melt or while storing the purified melt in a stor- 
age tank. 

As described above, the purified melt containing 
the polymerization inhibitor has the purity substantially 
equal to that of the crystals to be melted at that time. 
Specifically, it is preferable to use the purified melt in the 
same purification stage in the multi-stage crystallization 
process, but the melt obtained otherwise can also be 
used. 

40 When performing the foregoing crystallization proc- 
ess, it is preferable to perform sweating process before 
all the crystals are melted. The sweating process is car- 
ried out by partially melting the crystal layers to remove 
high-concentration impurities trapped within the crystals 
45 or adhered to the crystal surfaces, so as to further 
decrease impurity concentration of the crystals. Specif- 
ically, before all the crystals are melted, the heating 
medium whose temperature is within ±5°C of a melting 
point of the crystals, is introduced to the opposite verti- 
50 cal surface 13 as a film so as to partially melt the crystal 
layers. Accordingly, when performing the sweating proc- 
ess, the heat transfer medium is heated via the heater 
1 7 to the temperature lower than that for the completely 
melting process. 
55 Fig. 2 shows a single-stage crystallization system 
incorporating the foregoing crystallizer 1 for performing 
the single-stage crystallization process. In the figure, 
numerals 2 to 4 denote first to third storage tanks, 
respectively, and numeral 5 denotes a circulation tank. 
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In this crystallization system, a liquid mixture of acrylic 
acid containing impurities, such as acetic acid or propi- 
onic acid, and a polymerization inhibitor is supplied into 
the second storage tank 3. The supplied liquid mixture 
is sent to the circulation tank 5, and then circulated to 
the crystallizer 1 where the crystals of acrylic acid are 
formed. 

The residual liquid mixture (mother liquor) obtained 
through this process is then sent to the first storage tank 
2 from the circulation tank 5. Subsequently, the sweat- 
ing process (partial melting) is applied to the crystals of 
acrylic acid in the crystallizer 1 as described before, and 
a sweated liquid obtained through the sweating process 
is sent to the second storage tank 3. Thereafter, the 
purified melt in the third storage tank 4 is sent to the cir- 
culation tank 5, and then heated via heat exchanger 51 
to the temperature higher than the freezing point of 
acrylic acid. The heated purified melt is then fed into the 
crystallizer 1 so as to melt the crystals of acrylic acid in 
cooperation with the simultaneous circulation of the 
heating medium as described before. 

To the purified melt in the third storage tank 4, the 
polymerization inhibitor is added via an inhibitor feed 
pipe provided at the third storage tank 4. By providing 
an agitator in the third storage tank 4, the polymeriza- 
tion inhibitor concentration in the purified melt can be 
uniform. 

The purified melt in the third storage tank 4 is 
obtained by purifying the liquid mixture in the second 
storage tank 3 in a process prior to the current crystalli- 
zation process and thus has purity substantially equal to 
that of the crystals currently formed in the crystallizer 1 . 

With the foregoing arrangements, polymerization of 
acrylic acid never occurs not only during storage, trans- 
fer and heating of the purified melt, but also upon melt- 
ing of the crystals which contain substantially no 
polymerization inhibitor. Instead of providing the inhibi- 
tor feed pipe to the third storage tank 4, an inhibitor feed 
pipe may be provided to the circulation tank 5 where the 
purified melt and the polymerization inhibitor are mixed. 
Alternatively, a mixing tank is separately provided where 
the polymerization inhibitor is added to the purified melt 
to prepare a polymerization inhibitor solution, which is 
then transferred to the third storage tank 4. 

Now, the second preferred embodiment of the 
present invention will be described hereinbelow with ref- 
erence to Figs. 3 to 5. 

Fig. 3 shows a multi-stage crystallization system 
incorporating the foregoing crystallizer 1 for performing 
the three-stage crystallization process. In the figure, 
symbols V-1 to V-4 denote first to fourth storage tanks, 
respectively. The fourth storage tank is a product stor- 
age tank for temporarily storing product acrylic acid. 
Symbol V-5 denotes a circulation tank whose liquid is 
circulated into the crystallizer 1. Symbol V-0 denotes a 
mother liquor storage tank where the mother liquor 
obtained through the crystallization using the liquid mix- 
ture with the lowest purity, that is, the liquid mixture in 
the first storage tank V-1, is temporarily stored as a 
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waste liquid. 

In this multi-stage crystallization system, acrylic 
acid containing impurities, such as acetic acid or propi- 
onic acid, and a polymerization inhibitor is first supplied 
5 into the second storage tank V-2 from outside of the 
system. The liquid mixture in the second storage tank V- 
2 is sent to the circulation tank V-5 and then circulated 
to the crystallizer 1 where the crystals of acrylic acid are 
formed. The mother liquor obtained through this proc- 
10 ess is sent to the first storage tank V-1 from the circula- 
tion tank V-5. Subsequently, the crystals are partially 
melted, or sweated and the sweated liquid is sent to the 
second storage tank V-2 from the circulation tank V-5. 
Thereafter, the liquid in the third storage tank V-3 is 
15 sent to the circulation tank V-5 and then heated to the 
temperature higher than the freezing point of the crys- 
tals. The heated liquid is circulated into the crystallizer 1 
to melt the crystals. The liquid in the third storage tank 
V-3 is the purified melt obtained by purifying the liquid 
20 mixture in the second storage tank V-2 through a proc- 
ess prior to the current crystallization process. A polym- 
erization inhibitor feed pipe is provided at the third 
storage tank V-3 so that the purified melt in the third 
storage tank V-3 is mixed with the polymerization inhib- 
25 itor in advance. Accordingly, melting of the crystals is 
performed in the presence of the polymerization inhibi- 
tor so that the melt of the crystals also contains the 
polymerization inhibitor. The melt thus obtained (that is, 
the mixture of the melted current crystals and the melt 
30 sent from the third storage tank V-3) is sent to the third 
storage tank V-3 from the circulation tank V-5. Fig. 4 is 
an explanatory diagram showing transfer flows of the 
liquids in the foregoing crystallization process. 

Subsequently, crystallization is applied to the melt 
35 in the third storage tank V-3. This crystallization process 
is the same as the crystallization process for the liquid 
mixture in the second storage tank V-2 except that the 
storage tanks to which the obtained mother liquor, 
sweated liquid and purified melt are sent back are 
40 shifted by one stage. Specifically, the melt in the third 
storage tank V-3 is sent to the circulation tank V-5 and 
then to the crystallizer 1 where the crystallization is per- 
formed. Then, the mother liquor is sent to the second 
storage tank V-2 and the sweated liquid is sent to the 
45 third storage tank V-3. Further, the melt in the fourth 
storage tank V-4 is heated and circulated into the crys- 
tallizer 1 for melting the crystals, and the melted crystals 
along with the melt used to accelerate melting is recov- 
ered into the fourth storage tank V-4. 
so As appreciated, the melt in the fourth storage tank 
V-4 used to melt the crystals is obtained by purifying the 
melt in the third storage tank V-3 in a process prior to 
the current crystallization process. A polymerization 
inhibitor feed pipe is also provided at the fourth storage 
55 tank V-4 so that the melt in the fourth storage tank V-4 is 
mixed with the polymerization inhibitor in advance. 
Thus, melting of the crystals is performed in the pres- 
ence of the polymerization inhibitor so that the melt from 
the current crystals also contains the polymerization 
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inhibitor. The melt thus obtained is a product acrylic acid 
and sent to a large product storage tank (not shown) 
located outside the crystallization system. Fig. 5 is an 
explanatory diagram showing transfer of the liquids in 
the foregoing crystallization process. 

Subsequent to the crystallization of the melt in the 
third storage tank V-3, crystallization is applied to the 
liquid mixture in the first storage tank V-1 (that is, the 
mother liquor obtained by the crystallization of the melt 
in the second storage tank V-2). This crystallization 
process is the same as the foregoing crystallization 
process, and the obtained mother liquor is sent to the 
mother liquor storage tank V-0 outside the crystalliza- 
tion system while the sweated liquid is sent to the first 
storage tank V-1 . In the process of melting the crystals, 
the liquid mixture in the second storage tank V-2 is 
heated to melt the crystals, and the obtained melt is 
stored in the second storage tank V-2. 

Subsequent to the crystallization of the liquid mix- 
ture in the first storage tank V-1 , the crystallization of the 
liquid mixture in the second storage tank V-2 is per- 
formed so that one cycle of the crystallization process is 
completed. Specifically, in this preferred embodiment, 
during one cycle in the stationary operation of the sys- 
tem, the liquid mixture is first supplied into the second 
storage tank V-2 from outside of the system, the crystal- 
lization is applied to the liquid mixture in the second 
storage tank V-2 and then the crystallization is applied 
to the liquids in the third storage tank V-3, the first stor- 
age tank V-1 and the second storage tank V-2 succes- 
sively. After such one cycle of the crystallization, the 
next cycle of crystallization is performed. 

The crystallization is performed twice for the liquid 
in the second storage tank V-2 because the liquid mix- 
ture is supplied to the second storage tank V-2 from the 
outside of the system. Accordingly, one cycle process is 
composed of the three-stage crystallization including 
the second stage crystallization->the third stage crys- 
tallization->the first stage crystallization->the second 
stage crystallization. 

Now, the third preferred embodiment of the present 
invention will be described hereinbelow with reference 
to Fig. 6. 

Fig. 6 shows a multi-stage crystallization system 
incorporating the foregoing crystallizer 1 for performing 
the five-stage crystallization process. In the figure, sym- 
bol V-0 1 denotes a storage tank for temporary storage of 
the final mother liquor, symbols V-V to V-5' denote stor- 
age tanks for intermediate liquid mixtures of the first to 
fifth stage crystallization, respectively. Symbol V-6' 
denotes a storage tank for temporary storage of a prod- 
uct and symbol V-7' denotes a circulation tank. The 
acrylic acid liquid mixture is supplied to the storage tank 
V-4\ In order to substantially equalize the amounts of 
the liquid mixtures, the amounts of the sweated liquids 
and the amounts of the crystals through the respective 
stages as in the three-stage crystallization, the crystalli- 
zation is performed in the order of 
2-^3^>4->5->3->4->5->4-->2-->3->4-->5->3-->4->5-*4 



_>1 wherein symbols V-n are simplified as n. 

It is to be appreciated that the storage tank to which 
the liquid mixture is supplied from outside of the system 
is determined based on target purity and recovery of a 
s product. Accordingly, it may be the first storage tank V-1 
or the third storage tank V-3 in case of the three-stage 
crystallization, while it may be other than the fourth stor- 
age tank V-4 in case of the five-stage crystallization. 
Further, the number of the crystallization stages may be 
10 set equal to or more than six. 

In the multi-stage crystallization where the liquid 
mixture containing the polymerization inhibitor is sup- 
plied to the storage tank other than that of the final 
stage, since the polymerization inhibitor is fed to the liq- 
15 uid mixture to be purified in the final stage, that is, the 
liquid mixture in the third storage tank V-3 in case of the 
three-stage crystallization or the liquid mixture in the 
fifth storage tank in case of the five-stage crystallization, 
it is not necessary to feed the polymerization inhibitor 
20 from the outside. For example, in case of the five-stage 
crystallization, if the polymerization inhibitor is put into 
the fifth-stage storage tank, the polymerization inhibitor 
is necessarily contained also in the fourth-stage storage 
tank since the mother liquor through the fifth-stage crys- 
25 tallization is sent to the fourth-stage storage tank, and 
similarly, the polymerization inhibitor is contained in the 
third-stage, second-stage and f irst-stage storage tanks. 
Further, in the crystallization of the lower stages, where 
the purity is lower than in the final stage, the melt of the 
30 higher stage is used in the process of melting the crys- 
tals so that the melt of the crystals contains the polym- 
erization inhibitor even if the polymerization inhibitor is 
not substantially contained in the crystals. 

In the crystallization at the final stage, melting of the 
35 crystals is performed using product acrylic acid. Since 
product acrylic acid is mixed with the polymerization 
inhibitor (the polymerization inhibitor is fed to the fourth 
storage tank V-4 in case of the three-stage crystalliza- 
tion and to the sixth storage tank V-6 in case of the f ive- 
40 stage crystallization), the melt necessarily contains the 
polymerization inhibitor. 

On the other hand, in case of feeding the liquid mix- 
ture containing the polymerization inhibitor to the final- 
stage storage tank, if the polymerization inhibitor is fed 
45 only to the product storage tank (the fourth storage tank 
V-4 in case of the three-stage crystallization and the 
sixth storage tank V-6* in case of the f ive-stage crystalli- 
zation), the polymerization inhibitor is contained in the 
storage tank of each stage. 
so As appreciated from the foregoing descriptions, by 
adding the polymerization inhibitor into the liquid mix- 
ture for the final stage crystallization and the product 
acrylic acid, polymerization of acrylic acid never occurs 
upon melting of the crystals, upon transferring the puri- 
55 fied melt or while storing the purified melt. Thus, for 
example, even rf a failure occurs in controlling the heat- 
ing temperature of the melt, an accident such as explo- 
sion due to vigorous polymerization can be prevented. 
Further, supplying the polymerization inhibitor into the 
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storage tank of each crystallization stage is not neces- 
sary. Thus, the plant and operations can be simplified, 
the crystallization time can be shortened and the supply 
amount of the polymerization inhibitor can be reduced. 

On the other hand, if the polymerization inhibitor is 
simply fed per each crystallization stage, the process 
becomes complicated and the supply amount of the 
polymerization inhibitor is increased so that a large 
quantity of the polymerization inhibitor is contained in 
the mother liquor drained off from the lowest stage to 
outside of the system. Further, since the concentration 
of the polymerization inhibitor contained in the liquid 
mixture at the lower stage is increased, the freezing 
point decreases largely so that it becomes necessary to 
reduce the crystallization temperature or prolong the 
crystallization time. 

A variety of compounds, for example, phenols, such 
as hydroquinone, p-methoxyphenol, cresol, phenol and 
t-butyl catechol, amines, such as diphenylamine, phe- 
nothiazine and methylene blue, copper compounds, 
manganate compounds may be used as polymerization 
inhibitor. Further, it is preferable to use those polymeri- 
zation inhibitors under the atmosphere of a gas contain- 
ing molecular oxygen. 

For feeding the polymerization inhibitor to the prod- 
uct storage tank and the final-stage storage tank, a mix- 
ing tank for preparing inhibitor solution may be provided. 
Specifically, the final product (high-purity acrylic acid) is 
partly taken out and the polymerization inhibitor (solid) 
is dissolved thereinto so as to prepare a high-concen- 
tration inhibitor solution in the mixing tank. This high- 
concentration solution is transferred by a metering 
pump. The polymerization inhibitor is supplied to the 
final-stage storage tank after the melt is circulated to 
melt the crystals and the recovered liquid by melting the 
crystals is sent to the final-stage storage tank from the 
circulation tank. This avoids lowering of the concentra- 
tion of the polymerization inhibitor due to addition of the 
melted crystals. 

Since the product may be stored for a long time, the 
concentration of the polymerization inhibitor for the 
product is preferably higher than 20 ppm by weight, and 
more preferably higher than 50 ppm by weight. On the 
other hand, since the liquid in the intermediate storage 
tank is held for a relatively short time, it is sufficient that 
the concentration of the polymerization inhibitor is 
higher than 10 ppm by weight upon melting of the crys- 
tals. The polymerization inhibitor concentration is con- 
trolled by on-line monitoring of the concentrations of the 
polymerization inhibitor in the product storage tank and 
the final-stage storage tank (V-6 and V-5 in case of the 
five-stage crystallization) or by periodically sampling the 
liquids and measuring the concentrations of the polym- 
erization inhibitor, and then by adjusting the supply 
amount ol the high-concentration polymerization inhibi- 
tor solution from the foregoing mixing tank. However, in 
actual industrial operations, the amount of the feed liq- 
uid mixture, the product yield, the final mother liquor and 
the material balance of the feed liquid mixture, the 
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mother liquor, the sweated liquid, the crystals in each 
stage are precisely calculated and controlled so that the 
supply amount of the polymerization inhibitor can be set 
in advance to satisfy the foregoing concentrations. 

Examples 

The results of some experiments will be described 
hereinbelow. 

Example 1 



The crystallization system shown in Fig. 3 was 
used, and the three-stage crystallization was performed 
15 using acrylic acid containing impurities as a feed liquid 
mixture. As the crystallizer, the vertical plate type crys- 
tallizer as shown in Fig. 1 was used. Size of the crystal- 
lizer plate was 200mm in width and 600mm in height. In 
front of the crystallizer, a transparent poly (vinyl chlo- 
20 ride) plate was placed for visual observations. A 30% by 
weight ethanol aqueous solution was used as a heat 
transfer medium. In the first to third storage tanks V-1 to 
V-3, the liquids obtained through crystallization, sweat- 
ing process and melting process performed in advance 
25 were stored. 4-methoxyphenol (methylhydroquinone) 
was added as a polymerization inhibitor to acrylic acid 
stored in the storage tank V-3 so as to be 100 ppm by 
weight. Further, the same polymerization inhibitor was 
added to feed acrylic acid and product acrylic acid in the 
30 tank V-4 so as to be 1 00 ppm by weight. 

Feed acrylic acid containing the impurities was sup- 
plied to the second storage tank V-2. In the second- 
stage crystallization, 766g of the mother liquor from the 
third-stage crystallization, 754g of the melt from the 
35 first-stage crystallization, 168g of the sweated liquid 
from the second-stage crystallization and 1,520g of 
feed acrylic acid were mixed to produce 3,208g of the 
liquid mixture. The liquid mixture was divided into two 
halves to be crystallized twice. Through one operation 
40 of the second-stage crystallization, 1 ,604g of the liquid 
mixture was used, and 763g of the mother liquor, 84g of 
the sweated liquid and 757g of the melt were obtained. 
Upon melting the crystals, 200g of the liquid in the third 
storage tank V-3 was supplied to the circulation tank V- 
45 5 and then circulated to the crystallizer 1 to melt all the 
crystals. As a result, through two operations in the sec- 
ond-stage crystallization, 1,526g of the mother liquor 
was obtained and was sent to the first storage tank V-1 , 
168g of the sweated liquid was obtained and was sent 
so to the second storage tank V-2, and 1 ,51 4g of the melt 
was obtained and was sent to the third storage tank V-3. 

In the third-stage crystallization, 1,514g of the melt 
from the second-stage crystallization and 84g of the 
sweated liquid from the third-stage crystallization were 
55 mixed to produce 1 ,598g of the liquid mixture, and 760g 
of the mother liquor, 84g of the sweated liquid and 754g 
of the melt were obtained. The mother liquor was sent to 
the second storage tank V-2, the sweated liquid was 
sent to the third storage tank V-3 and the melt was sent 
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to the product temporary storage tank V-4. Similar to the 
second-stage crystallization, the liquid in the storage 
tank V-4 was circulated to melt the crystals. 

Similarly, in the first-stage crystallization, 1,526g of 
the mother liquor from the second-stage crystallization 
and 84g of the sweated liquid were mixed to produce 
1 ,61 Og of the liquid mixture, and 766g of the mother liq- 
uor, 84g of the sweated liquid and 760g of the melt were 
obtained. Melting of the crystals was performed while 
circulating the liquid in the second storage tank V-2. The 
mother liquor was sent to the final mother liquor tempo- 
rary storage tank V-0, the sweated liquid was sent to the 
first-stage tank V-1 and the melt was sent to the second 
storage tank V-2. In this manner, one crystallization 
cycle was completed by performing the first-stage crys- 
tallization once, the second-stage crystallization twice 
and the third-stage crystallization once, and 754g of the 
product and 766g of the final mother liquor were 
obtained from 1,520g of the feed liquid mixture. 
Through the whole-stage crystallization, the tempera- 
tures of the heat transfer medium were controlled to be 
2°C, 15°C and 25°C during the crystallization, the 
sweating and the melting steps, respectively. The fore- 
going operations were continued for 5 days and no 
polymerization occurred. 

Comparat ive Example 1 

The experiment was conducted in the same man- 
ner as in Example 1 except that the polymerization 
inhibitor was not fed to the storage tank V-3. Acrylic acid 
in the storage tanks V-2 and V-3 polymerized vigorously. 
According to analysis before polymerization, the con- 
centration of the polymerization inhibitor in the tank V-2 
was 5 ppm, while that in the tank V-3 was 1 ppm. On the 
other hand, in Example 1, the concentration of the 
polymerization inhibitor in the tank V-2 was 80 ppm, 
while that In the tank V-3 was 30 ppm immediately after 
melting the crystals. 



circulation tank. Melting of the crystals was performed 
while circulating it onto the crystals. The obtained melt 
could be preserved for a long term at 15°C. 

5 Comparative Example 2 

Using the same crystallizer as in Example 2, 800g 
of the crystals was separated from 1,000g of feed 
acrylic acid. Then, the crystals were melted by raising a 

w temperature of the heat transfer medium to 25°C with- 
out circulating the melt. Further, using this melt of the 
crystals as the feed liquid mixture, 600g of the crystals 
was separated and then melted in the same manner. 
While preserving this melt, very vigorous polymerization 

75 occurred. According to analysis prior to polymerization, 
a polymerization inhibitor concentration in the melt was 
6 ppm. 



Example 3 



20 



Example 2 

Glass double tubes with 40mm inner diameter for 
an inner tube, 70mm outer diameter for an outer tube, a 
length of 800mm were used as a crystallizer. The crys- 
tallization was performed by supplying acrylic acid onto 
an inner surface of the inner tube as a film and by sup- 
plying the cooling medium between the inner and outer 
tubes. 900g of feed acrylic acid was used as the feed 
mixture. 600g of crystals was obtained and the mother 
liquor was drained off. Then, 200g of purified acrylic 
acid containing 200 ppm of 4-methoxyphenol as a 
polymerization inhibitor was supplied to the circulation 
tank, and the crystals were melted while circulating it 
onto the crystals. 

Subsequently, 800g of the obtained melt was used 
as the feed liquid mixture, and 600g of the crystals was 
obtained. 200g of purified acrylic acid containing 200 
ppm of the polymerization inhibitor was supplied to the 



Using the crystallization system shown in Fig. 6, the 
five-stage crystallization was performed. Feed acrylic 
acid was supplied to the tank V-4'. 

In order to substantially equalize the amounts of the 
25 liquid mixtures, the sweated liquids and the crystals 
through the respective stages as in Example 1 , it was 
found preferable to perform the crystallization in the 
order of 

2->3->4->5^3-^4->5->4^2->3->4->5-^3->4->5->4 

30 

In this example, the polymerization inhibitor (4- 
methoxyphenol) was added, in advance, to the acrylic 
acid in the tank V-4' and the product acrylic acid in the 
tank V-6' so as to be 100 ppm, respectively. In addition, 
35 the polymerization inhibitor was added to the tank V-5' 
so as to be 100 ppm, while no polymerization inhibitor 
was added to the tanks V-0* to V-3'. In this condition, the 
foregoing 1 7 stage process was repeated five times. No 
polymerization occurred, and all the operations of each 
40 stage were successfully performed. 

As appreciated from the foregoing description, the 
crystallizer is not limited to the plate type crystallizer 
and, for example, the tube type crystallizer as used in 
Example 2 may also be used as a crystallizer. And other 
45 types of crystallizers may also be used. As a feed liquid 
mixture, not only acrylic acid, but also other polymeriza- 
ble compounds such as methacrylic acid may also be 
used. 

While the present invention has been described in 
so terms of the preferred embodiments, the invention is not 
to be limited thereto, but can be embodied in various 
ways without departing from the principle of the inven- 
tion as defined in the appended claims. 

In a crystallization method, a liquid mixture contain- 
55 ing a crystallizable component is cooled so as to form 
and separate crystals of the crystallizable component. 
Then, a purified melt having purity substantially equal to 
that of the separated crystals, to which a polymerization 
inhibitor is added and which is heated to a temperature 
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20 



higher than a freezing point of the separated crystals, is 
circulated to flow contacting the crystals so as to accel- 
erate melting. Then, the melted crystals are recovered 
along with the purified melt containing the polymeriza- 
tion inhibitor. 

Claims 

1. A crystallization method, wherein, after cooling a 
liquid mixture containing a crystallizable compo- 
nent, forming crystals of said component and sepa- 
rating said crystals, the separated crystals are 
melted and recovered as a melt to purify said com- 
ponent, the method comprising the steps of : 

adding a polymerization inhibitor to a purified 
melt whose purity is substantially equal to that 
of said separated crystals; 
heating said purified melt to a temperature 
higher than a freezing point of said crystals; 
sending said heated melt to said crystals so as 
to melt said crystals; and 
recovering the melted crystals along with said 
purified melt containing said polymerization 
inhibitor. 25 

2. The crystallization method according to claim 1, 
wherein said polymerization inhibitor is added to 
said purified melt so that a concentration of the 
polymerization inhibitor in a sum of the melted crys- 
tals and the purified melt becomes higher than 10 
ppm by weight. 

3. A crystallization method comprising: 

a crystallization step of cooling a liquid mixture 
containing a crystallizable component, forming 
crystals of said component and separating said 
crystals; and 

a melting step of the separated crystals and 
recovering a melt of said crystals; 
said crystallization and melting steps per- 
formed in a multi-stage manner to achieve 
multi-stage crystallization so as to gradually 
increase purity of said crystallizable compo- 
nent, 

wherein, in said crystallization step at a 
final purification stage of said multi-stage crys- 
tallization, a liquid mixture containing a polym- 
erization inhibitor is used, and 

wherein, in said melting step at the final 
purification stage of said multi-stage crystalli- 
zation, a polymerization inhibitor is added to a 
purified melt obtained in advance through said 
melting step at the final purification stage, and 
the purified melt is heated and sent onto the 
separated crystals so as to melt all the sepa- 
rated crystals, and the melted crystals are 
recovered along with the purified melt contain- 
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ing the polymerization inhibitor. 



The crystallization method according to claim 3, 
wherein said polymerization inhibitor is added to 
said purified melt so that a concentration of the 
polymerization inhibitor in a sum of the melted crys- 
tals and the purified melt becomes higher than 10 
ppm by weight. 

A crystallization method, wherein, using a crystalli- 
zation system having a crystallizer equipped with 
cooling means for cooling a liquid mixture contain- 
ing a crystallizable component and separating crys- 
tals of said component and melting/recovering 
means for melting the separated crystals and 
recovering a melt of said crystals, and further hav- 
ing first to Nth (3<N) storage tanks, crystallization is 
applied, by said crystallization system, to the liquid 
mixture in the Kth (K<N) storage tank so as to store 
a residual liquid in the (K — 1)th storage tank, and 
further to store the melt of the crystals in the 
(K+1)th storage tank, a purified melt in the (K+1)th 
storage tank is heated and sent onto the crystals 
during the step to melt the separated crystals of the 
liquid mixture in said Kth storage tank, and (N — 1)- 
stage crystallization is performed to achieve said 
process steps to the liquid mixtures in the first to 
(N— 1)th storage tanks, the method comprising the 
steps of: 

supplying a polymerization inhibitor only to the 
(N— l)th and Nth storage tanks when the feed 
liquid mixture is supplied to one of the first to 
(N — 2)th storage tanks from outside of the 
crystallization system, while supplying the 
polymerization inhibitor only to the Nth storage 
tank when the feed liquid mixture is supplied to 
the (N — 1)th storage tank from outside of the 
crystallization system. 

The crystallization method according to claim 5, 
wherein, after the crystals of the liquid mixture in 
the Kth storage tank are separated, partial melting 
of the crystals is performed before melting all the 
separated crystals, and wherein the melt of the 
crystals obtained by said partial melting is stored in 
the Kth storage tank. 
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FIG.4 
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FIG.5 
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